INTRODUCTION
maximum plasma concentration in a short period. 1 Polymeric nanoparticles are matrix systems that are prepared with natural or synthetic polymers with sizes in the range of 10 to 1000 nm. Nanoparticles are defined as either nanospheres or nanocapsules depending on their structures where the active substance is solubilized, entrapped and/or adsorbed onto the particle surface. Natural (proteins, polysaccharides) and synthetic polymers (synthesized during production, pre-synthesized) are used in the production of polymeric nanoparticles. 2 Both natural and synthetic particulate drug delivery systems are preferred to obtain controlled drug release for increasing the life quality of patients. 3 A number of approaches can be used to manufacture polymeric nanoparticles such as salting-out, solvent evaporation, supercritical fluid technology, microemulsion, mini-emulsion, surfactant-free emulsion, and interfacial polymerization. 4 Spray-drying subtitues for a single-step, continuous and scalable procedure devoted to transforming liquid systems Eudragit ® RL, also called Eudragit Retard L, is a copolymer of poly(ethyl acrylate, methyl methacrylate and chloro trimethyl ammonium methyl methacrylate) containing 8.8 %-12 % quaternary ammonium groups. It is insoluble at physiologic pH values with limited swelling thus representing a good candidate for drug dispersions. 8 Drug release is a significant topic in the context of drug development for years. With intensive progress in drug formulation design with increasing revolution and innovation, drug release is introduced giving it a substantial role in drug formulation development and quality control. It is a relatively rapid and inexpensive technique to predict in vivo absorption of a drug formulation. Quantitative evaluation of drug dissolution characteristics is of great interest to the pharmaceutical scientists owing to its outstanding advantages. 9 DDSolver is a menu-driven add-in program which can be used to facilitate the modeling of dissolution data using nonlinear optimization methods based on a built-in model library containing fourty dissolution models. It offers a number of benefits over the other software packages prepared for dissolution kinetic modeling. 10, 11, 12 Among the dissolution kinetic models for drug release are zero order, first order, Hixson-Crowell, Higuchi, Korsmeyer-Peppas models, etc. 13, 14 In this study, DT-loaded Eudragit ® RL 100 polymeric nanoparticles were prepared using Nano Spray Dryer B-90 and characterized. In vitro dissolution data and kinetic modelling were investigated through DDSolver program aiming sustained release of DT.
METHODOLOGY
DT was a kind gift of Abdi İbrahim (İstanbul, Turkey). Eudragit ® RL 100 was obtained from Degussa Röhm Pharma Polymers (Germany). Methanol and deutero chloroform were both purchased from Merck (Germany) while acetonitril, potassium phosphate monobasic and sodium hydroxide were purchased from Sigma-Aldrich (Germany). All other chemicals and reagents were used of pharmaceutical and analytical grade.
Preparation of nanoparticles
For the preparation of the polymeric solution with and without DT, Eudragit ® RL 100 was dissolved in methanol under a magnetic stirrer at 250 rpm for 2 hrs to obtain a clear solution. DT was added to this clear solution and stirred further for another 5 minutes. Nano spray-dryer (Nano Spray-Dryer B-90, BÜCHI, Switzerland) was conditioned 30 minutes using methanol to obtain the desired levels of spraying, pump level, inlet temperature, outlet temperature, gas flow and ambient temperature prior to delivering the polymeric soluton. Inlet temperature of 120°C, outlet temperature of 54°C and a needle with 4 µm pore size were used during application (Table 1) . Dried nanoparticles were collected in the collecting chamber. Contents of formulations prepared were summarized in Table 2 . 
Characterization

Morphology
Particle shape and surface properties of the freshly prepared polymeric nanoparticles (PNP) and pure DT were examined by SEM (Zeiss Ultra Plus Fesem, Germany) after spreading the formulation onto the carbon band and coating with gold.
Particle size, polydispersity index (PDI) and zeta potential
Particle size and distribution of prepared PNPs were measured (Zetasizer Nano ZS, Malvern, UK) by dispersing the formulation in distilled water adjusted to a conductivity of 50 µS with NaCl to avoid measurement deviations. Zeta potential values were determined using the same instrument in a disposable folded capillary zeta cell, at 25°C room temperature and diluted with distilled water.
Thermal analysis (DSC)
Thermal analyses using DSC (Schimadzu DSC-60, Japan) of pure DT, pure polymer and PNPs prepared were performed against an aluminum reference and nitrogen gas at a flow rate of 50 mL. min -1 with a temperature increase of 10°C.min -1 in the 30-300°C range.
X-ray diffraction (XRD)
XRD analyses of pure DT, pure polymer and PNPs prepared were performed with Rikagu generator (XRD Rikagu Rint 2000, Japan) at a speed of 40 kV, 30 mA current intensity, 2Ɵ angle and 2°min -1 in the range of 2-40°.
Fourier transform infrared spectrophotometry (FT-IR)
FT-IR spectra of pure DT, pure polymer and PNPs prepared were determined at 4000-500 cm -1 wavelength using FT-IR (Schimadzu IR Prestige-21, Japan).
Nuclear magnetic resonance (NMR)
NMR analysis ( 1 H-NMR) of pure DT, pure polymer and PNPs prepared were determined (Bruker 500 MHz UltraShield NMR, Germany) by dissolving the samples in deutero chloroform (CDCl 3 ).
HPLC method
HPLC (Shimadzu-20 A, Japan) equipped with reversed-phase NUKLEODUR column (diameter, 4.6 mm; length, 250 mm, C 18 Gravity, 5 µm pore size) was used. Determination of DT was achieved by a modified HPLC method. 25:75 (v/v) acetonitrile-methanol was selected as the mobile phase following preliminary tests for the best resolution of DT. Flow rate of mobile phase was 1 mL·min −1 and constant amount of 25 µL was injected using an automatic injector (Shimadzu, Japan). Fluorescent detector (Shimadzu, Japan) was used at 258 nm and the column temperature was set to 30°C. HPLC method used was validated in reference to previous studies.
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Encapsulation efficiency (EE %)
Distilled water was used as a solvent for determining DT amount. 5 mg accurately weighed ERL-1 was put in a 2.5 mL-Eppendorf tube and 2 mL distilled water was added. After ultrasonication for 5 minutes, the upper transparent portion was removed by centrifugation at 11.000 rpm for 5 minutes and the sample was analyzed following dilution and filtration.
To determine DT incorporated into PNPs, 2 mL of the mobile phase where both DT and Eudragit® RL 100 were previously dissolved was added to the remaining particles. Following ultrasonication for 5 minutes, the clear solution obtained was filtered through the polyamide filter after adequate dilutions. Tests were repeated 3 times for each formulation. Loading capacity was calculated using the equation given below.
EE %= [[(Drug concentration in formulation)-(Drug concentration in supernatant)]/ (Drug concentration in formulation)]x100
Eq. 1
In vitro release study
In vitro release of DT from Eudragit ® RL 100 PNPs was investigated over 48 hrs using a dialysis membrane. PNP containing 1 mg DT was placed in a cellulose acetate dialysis bag (MW cut off 12-14 kDa, Sigma). After the addition of 1 mL of dissolution medium, the bag was sealed at both ends. Dialysis bag was then placed into an amber glass beaker containing 100 mL PBS (pH 7.4) at 37°C±0.5°C as the dissolution medium under continuous stirring of 100 rpm. The receptor compartment was closed to prevent evaporation of the dissolution medium. Samples were withdrawn at regular time intervals and the same volume was replaced by fresh dissolution medium. DT concentration in the samples was quantified by HPLC method.
Determination of In vitro kinetics with DDSolver program
Data obtained in the in vitro drug release studies was further investigated for release kinetics using DDSolver software program.
Statistical Analysis
Each experiment was carried out three independent times and the data are presented as mean ± standard error (SE). Microsoft Excel and DDSolver were employed for statistical analysis.
RESULTS AND DISCUSSION
Morphology
SEM images of pure DT and PNPs were given in Figure 1 . Figure 1 clearly shows that crystal structure of DT was diminished in the SEM images of PNPs indicating successful loading of DT into the polymer. Particle size, PDI and zeta potential
Results of particle size, PDI and zeta potential measurements were given in Table 3 . PDI value, used to define particle size distribution, is between 0.01 and 0.5-0.7 for single phase systems. A value higher than 0.7 is indicative of heterogeneous distribution. 17 PDI value of all PNPs prepared in this study was determined to be <0.395±0.015 (mean±SE) meaning uniform particle distributions for all PNPs.
Since Eudragit ® RL 100 contains 8.8 %-12 % quaternary ammonium groups, it stands out as a suitable cationic polymer for preparing pharmaceutical dispersions. 18 All PNPs prepared with Eudragit ® RL 100 were found to have positive zeta potential value owing to the cationic ammonium groups in its structure.
Zeta potential values of all PNPs were in the range of +20.15±0.51 mV and +45.05±0.46 mV. The lowest zeta potential value (+20.15±0.51 mV) was obtained for ERL-3 with the highest DT content when compared to ERL-2, ERL-1 and ERL-blank.
Stability of nanoparticles dispersed in aqueous media is dependent on electrostatic or stearic stability, or both, and high zeta potential value (≥ +/-30 mV) is correlated with good colloidal dispersion stability. 19 Depending on this knowledge, it can be interpreted that the PNPs prepared were stable. 
Thermal analysis (DSC)
Thermograms of ERL-blank and all the other freshly prepared formulations were presented in Figure 2 in comparison to DT and Eudragit ® RL 100. DSC analyses showed the disappearance of endothermic DT peak observed at 105.1°C in thermograms of all PNPs. Complete disappearance of DT peak is most probably due to homogeneous polymer matrix formation or dilution effect of the polymer. 20 In any case, disappearance of DT peak in all PNPs indicates successful DT loading into nanoparticles, homogenous matrix formation and amorphous DT structure with incorporation significantly reducing its crystal structure. 
X-ray diffraction (XRD)
XRD profiles of ERL-blank and all the other freshly prepared formulations were shown in Figure 3 in comparison to DT and the polymer. XRD analysis is a well-defined analytical method frequently used in research because it reveals the molecular structure of PNPs, examines the crystal state, performs polymorphism studies and also provides information about stability. 22, 23 DT dispersion in the polymer matrix at the molecular level and amorphous form of PNPs were determined in this study. 24 The fact that even low intense DT peaks in XRD profiles of PNPs are not seen suggests quite low DT amount adhering to the PNP surface. 16 Disappearance of DT peak for all PNPs may be due to the dilution effect of the polymer network. 
Fourier transform infrared spectrophotometry (FT-IR)
FT-IR spectra of ERL-blank and all freshly prepared PNPs were given in Figure  4 in comparison to DT, Eudragit ® RL 100 and the physical mixture. The same spectra of both ERL-blank and pure polymer indicates that production parameters of PNPs had no affect on preparation. 25 No new peak formation of DT in FT-IR specta of PNPs prepared can be evaluated as no existence of chemical interaction between DT and the polymer. 18 It was thought that DT was molecularly dispersed in the polymeric matrix due to the decrease in DT peaks seen in ERL-1, ERL-2 and ERL-3 spectra. This was also supported by thermal and XRD analyses. H-NMR analysis performed in this study is significant for showing the interaction of DT with the polymer and any change in the polymeric structure with addition of DT. Similar spectra of ERL-blank and pure polymer and no peak existence of DT at 7-8 ppm were determined. 16 Presence of characteristic DT peaks was observed in spectra of ERL-1, ERL-2 and ERL-3. Peak intensity which was affected by the amount of DT added to PNPs was higher in the spectrum of ERL-3 containing the highest DT amount. It was decided that DT was molecularly dispersed in the polymeric structure depending on the correlation between characteristic DT peak and molecular distribution and also DT concentration. 16 This was also interpreted as DT loading into nanoparticles. 
HPLC method
Modified HPLC method for DT quantification was validated for linearity, specifity, precision and accuracy. 27 Linearity was determined to be at the concentra- , respectively (n = 6). Recovery of the method was found satisfactory depending on the <2 % RSD value. Limit of detection (LOD) was found to be 0.5613 µg.mL -1 while limit of quantitation (LOQ) was 1.7010 µg.mL -1 . Conclusively, procedure proposed in this study suggests routine, simultaneous and concurrent use for DT quantification.
Encapsulation efficiency (EE %)
EE % values calculated according to Eq. 1 were given in Table 4 . Nanoparticles composed of natural/synthetic polymers or lipids are usually smaller than 1000 µm in size. Active drug ingredient may either be incorporated into the matrix or superficially adsorbed. Therefore, both the amount of encapsulated and the amount of adsorbed to the polymer surface should be determined in analyzing the total amount in the nanoparticulate system. 16 In this study, loading capacity of ERL-2 was found to be the highest among the other formulations. EE% of ERL-3 was lower among the prepared particles. It can be said that the amount of DT loaded on the polymer matrix decreases as the amount of the active ingredient increases. 
In vitro release
In vitro release and also detailed 2-hr release profiles of pure DT and PNPs prepared were presented in Figure 6 . In vitro release test results are frequently used not only for monitoring stability of drugs but also for predicting in vivo absorption. 9 Due to the short half-life of DT and rapid release from the conventional tablet formulations marketed, patients need to take the drug at least 3 times a day. Therefore, preparing polymeric nanoparticles to provide initial dose with the superficial DT and maintenance dose with DT entrapped was aimed in this study. Testing in vitro release of pure DT resulted in 92.217 %±0.682 (mean±SE) release within the first 2 hrs while release from all PNPs prepared were sustained. Initial rapid release observed from PNPs was most probably dependent on the rapid dissolution of superficially adsorbed DT and it was found that DT entrapped in PNPs was released in a sustained pattern. ERL-3 demonstrated higher amounts of DT release in 48 hrs with a release of 51.870±1.505 (mean±SE).
In vitro release kinetics
As a result of applying in vitro release study data obtained to different kinetic models using DDSolver program, rate constant (k), determination coefficient (r
) and Akaike information criterion (AIC) found were shown in Table 5 . Korsmeyer-Peppas model was determined to be the most appropriate kinetic model for DT release from all PNPs. Release kinetic profiles of all PNPs corresponding to the Korsmeyer-Peppas model were presented in Figure 7 . Evaluation of drug release data is achieved using many mathematical models and statistical parameters. However, most of those models contain nonlinear equations. In the DDSolver computer program which can evaluate 40 different dissolution parameters, the highest k and r 2 values and the lowest AIC values were used for determining the best fit. 16 Higuchi and Korsmeyer-Peppas models both were determined to give good correspondance. Comparing those two models according to the 3 criteria mentioned above, Korsmeyer-Peppas model was selected to be the best kinetic model which describes controlled release from matrix nano-systems.
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CONCLUSIONS
As a result of all particle size, PDI, zeta potential, SEM, DSC, XRD, FT-IR, NMR, EE % and in vitro release data obtained, it was decided that sustained release matrix systems could be prepared in this study. Correspondance to Korsmeyer-Peppas model describing controlled release from matrix nanosystems also confirmed the formation of matrix systems in this study. ERL-3 containing the highest amount of active ingredient among the other PNPs prepared was found to be promising for providing sustained analgesic activity. Eudragit ® RL polymer containing quaternary ammonium groups represents a good matrix ingredient for further in vivo studies due to its cationic character.
